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In-flight cell culture

-Intracellular signaling, cytoskeletan
rearrangement, microtubule organizing
center arientation, generalized praliferative
responses all altered during flight.

Reactivation of latent herpesviruses
-EBY, ChW WY reactivation duning flight
-Infectious W24 particles secreted in saliva
(=huttle)

e
s e

Short duration

Long duration

Post flight observations
-Altered circulating leukocyte distribution

Altered cytokine production patterns
(secreted, intracellular, Th1/ThZ)
-Decreased NK cell function
-Decreased granulocyte function
-Decreased T cell function™

-Altered immunoglobulin levels
-Latent viral reactivation

-Altered virus-specific immunity
-Expression of EBY |Eflate genes™
-Altered neuroendocrine responses

*Fost-flight ohsersations differ hetween
long vwe. short duration space flight.
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* Replace several recent immune studies with one comprehensive study that will
include in-flight sampling.

« Address lack of in-flight data: determine the in-flight status of immunity,
physiological stress, viral immunity/reactivation (short/long).

« Determine the clinical risk related to immune dysregulation for exploration class
spaceflight.

* Determine the appropriate monitoring strategy for spaceflight-associated immune
dysfunction, that could be used for the evaluation of countermeasures.



Assays

JSC - Leukocyte subsets
Immunology T cell function

Laboratory . |ntracellular/secreted
cytokine profiles

Mercer - Plasma cytokine balance
University .| o kocyte cytokine RNA

) » Virus specific T cell number
Microgen

Laboratories ~ V'"us specific T cell function

* Plasma stress hormones

» Latent herpesvirus
reactivation (saliva/urine)

JSC
Microbiology

» Saliva/urine stress hormones
Laboratory

» Circadian rhythm analysis



Short Duration

Long Duration R </ 4
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PRE-FLIGHT IN-FLIGHT POST-FLIGHT

BLOCD
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WHITE BLOOD CELLS RED BLOOD CELLS

GRANULOCYTES MONOCYTES LYMPHOCYTES

BASOPHILS NEUTROPHILS EOSINOPHILS

B CELLS T CELLS NK CELLS

MACROPHAGE DENDRITIC
CELL

CD4+ CD8+

‘Helper’ ‘Cytotoxic’

Memory . Naive Memory _ Naive

Th2 Thi17 Treg Central " Effector Terminal
Memory , Memory Diff.



zranulocytes
S 0%

%
| L

Lymphooytes
26.1%

S
1 IIIIIII| 1 IIIIIII|

T (LR R T 1 1T 1inn 10'} 1IZI1 1l2l2 101
1

CO45R0 PE Log

NAIVE

i 1! g 10?

1 - ||||||| 1 [ CDd-Sﬂ.U.rI'I'CLug
1l 1 1’




Leukocyte Subsets 2 " TN Lymphocyte Subsets
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Suppressor/ CENTRAL MEMORY

Senescent Active

cytotoxic

CDB2LICCR7

CD45RA
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Cytokine Receptor
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KINETICS OF T CELL ACTIVATION

Ligand-receptor binding
Membranes increase permeablity to ions
Shifts in ions from one intracellular compartment to another
Changes in membrane potential
Changes inintracellular pH

Changes of state in membrane lipids and proteins

Activation of adenylate cyclase, ATPase, and other membrane-
associated enzymes

Changes in cyclic nucleotide concentractions

Changes in receptor distribution and mobity occur

Adhension molecule conformational changes

Coalescence of patched receptors into cap at one pole of the cell
(dependant on contractioin of cytoskeletal microfilaments, ATP
energy source}

Expression of CD69 on T cell surface

Secretion of IL-2, cell surface epxression of IL-2 receptor (CD25)
Upregulation of CD40L

IL-2 binds to IL-2r (autocrine activation)

CD40L binds to CD40 on APC, upregulating CD86/CD80

APC CD86/80 binds to CD28 on T cell surface, results in additional
cytokine expression, expression of BCL-x (anti-apoptosis,
proliferation

DNA synthetic activity
Epression of HLA-DR

Blast transformation

Differentiation into Th1/Th2/Th17 cell based on factors such as
antigen dosage, local cytokine environment, other costimulatory
molecules, APC involvement
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Th1 - Immunity to intracellular pathogens, Th2 - Antibody response to extracellular
viruses pathogens, parasites

IL-12, STAT4, I IL-4, STATS,
T-bet / \GATAS

IL-10
™ L4, L5
IL-13

Th1
Th2




Regulatory T cells \
CD4+CD25+ Foxp3+ T’j

IL-10

TGF-g || inhibition

IL-10 || inpibition

Regulatory T cells

" Cell-mediated immunity
Intracellular pathogens

Immunopathology:
Organ-specific autoimmunity
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Helminths
Humoral immunity

Immunopathology:
Allergy

kAtopy
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In-flight Secreted Cytokine Summary (short-duration)

T cells (CD3/CD28)
Adaptive immunity:

Innate/Inflammatory:

IFNg
-2 1
IL-4 --
IL-5 --
IL-10
IL-17 ¢
IL-6 nc
TNFa T

Monocytes (LPS)
Innate/Inflammatory:

IL-1b nc
TNFa nc
IL-6 nc
-8 1
IL-10 ¢

All Cells (PMA+ion)
Adaptive immunity:

Innate/Inflammatory:

IFNg {
IL-2 nc

IL-4 4
IL-5 4
IL-10 ¢
IL-17 var
IL-6 4
TNFa ¢




Anti-EBNA (Log2)
Anti-VCA (Log2)
(ebo) v3-nuy
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Anti-CMV (Log2)

14d

Collection Time




Routine detection of Epstein—Barr virus specific T-cells in the
peripheral blood by flow cytometry

Brian E. Crucian®, Raymond P. Stowe”, Duane L. Pier Clarence F. Sams**
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—@— EBV Tetramer CD8+ T-cells
—A&— EBV Function (IFN)
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—@— CMV Tetramer-positive T-cells
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=@==EBV T Cells

== CMV T Cells




—&— EBV Viral Load per 1e6 PBMCs
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Days of sample collection

EBV shed in 82% of crewmembers

Samples positive for virus - Pre: 16.2%, During: 23.4%, Post: 23.1%
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Days of sample collection

VZV shed in 41% of crewmembers

Samples positive for virus - Pre: 0.0%, During: 16.0%, Post: 7.7%




Salivary VZV in Shingles patients & Astronauts
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Shingles Patients
Days after treatment
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CMV shed in 47% of crewmembers

Samples positive for virus - Pre: 17.7%, Post: 43.8%



—&— Plasma Cortisol
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*Some measures of immune dysregulation are not merely related to landing
stress/re-adaptation to gravity, but are present during flight.

*Bulk leukocyte subsets largely unaltered during flight. Some alteration within
CD8+ T cell subsets occurs during short duration flight.

*Diminished T cell function, alterations in various cytokine production profiles
(secreted, mRNA) occurs during short duration flight.

-CMYV, EBYV viral antibody titers trended to elevation during flight. EBV specific T
cell number and function reduced during flight (correlated with EBNA), CMV
specific T cells elevated, function unchanged.

*Reactivation of latent EBV
(14/17),VZV (7/17) and CMV*
(8/17) occurred during short
duration flight.

*General plasma cortisol levels
were elevated during flight.
Circadian rhythm of cortisol was _
abnormal early in flight, tended to -
resolve later in flight. >
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Questions?




